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Chapter 1 Introduction  
1.1 Pollution problem 
 Pollution is an important problem all over the world. It caused many health disorders even 
deaths, and has adversely affected millions of people’ lives. According to the part they affect in 
environment or the particular pollution causes; pollution is basically categorized in 3 types. 
1) Water Pollution (1) is the pollution of water bodies (e.g. rivers, lakes, oceans, aquifers and 
groundwater) and occurs when the contamination are discharged directly or indirectly into water 
bodies without proper treatment to cleanup harmful compounds. 
The water pollution causes include: a) Non-sustainable waste littering and disposal. b) 
Sediment increased from soil erosion. c) Decay of organic material. d) Leaching from soil 
pollution and so on. 
Water pollutants can be divided into four categories: a) The inorganic non-toxics: acid, alkali, 
inorganic salts, etc. b) The inorganic toxics: heavy metals, arsenic, cyanide, fluoride, etc. c) The 
organic non-toxics: carbohydrates, fats, proteins, etc. d) The organic toxics: phenol, polycyclic 
aromatic hydrocarbons, PCB and organochlorine pesticides and so on. 
The harm of water pollution include: a) The color and odor of wastewater affects the 
appearance of the water body, the quality of industrial products, the quality of the fish and 
shellfish and even to make them unfit to eat. b) The organic pollutants makes multiplying of the 
microbes quickly ,and results in the anaerobic fermentation of organics, the release of 
malodorous gases and the toxic to aquatic organisms. c) The inorganic pollutants change PH 
value of the water body, destruct their natural cushioning effect, destroy or inhibit the growth of 
bacteria and micro-organisms and hinder the self-purification of water. They also increase the 
hardness of water and inorganic salts, and cause soil salinization. d) The biological toxic of 
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noxious substances affect human health, causing Minamata disease, bone disease and other 
pollution disease. e) The eutrophication causes algal blooms and results in fish kills. And they 
have a great impact on human and animal health, ranging from poisoning to carcinogenic. 
2)  Air pollution (2). Air is composed by a variety of chemical substances; the most common 
element is nitrogen, followed by oxygen. Air pollution is defined as atmosphere contamination 
disturbs the natural air composition and chemistry.  
A wide variety of sources can cause air pollution:  a) Exhaust of manufacturing or vehicle. b) 
Dry soil erosion volcanic eruptions, forest fires, etc. c) Construction or demolition of building 
and so on. 
The main air pollutants include: carbon monoxide (CO), nitrogen oxides (NOx), hydrocarbons 
(HC), sulfur oxides and particulate matter (PM). They have become an invisible killer to human 
health. 
The harm of air pollution include: a) The total suspended particles including automobile 
exhaust damage to the heart, and the smaller the size of the particles make the greater harm. 
These tiny particles will "turn off" protective effect of high density lipoprotein on the human 
body and lead to atherosclerosis. b) Sulphur dioxide is a colorless and pungent gas, is easily 
oxidized into sulfur trioxide. Sulfur trioxide makes strong moisture absorption and is easily 
transformed into sulfuric acid mist with water vapor which is the main reason for the formation 
of acid rain. The Inhaled Sulfur dioxide is quickly transformed into sulfur trioxide which has a 
strong stimulating effect and can damage the respiratory function, aggravate existing respiratory 
diseases. c) The inhaled nitrogen dioxide can produce strong stimulating and corrosive effect on 
the lung tissue to cause pulmonary edema. For children, the nitrogen dioxide may cause lung 
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developmental disorders. And many scientists believe that the increasing air pollution results in 
global warming. 
3) Soil Pollution (3). Soil refers to the loose land surface and the thickness of soil is generally 
approximately 2 m. With the rapid population growth and industrial development, solid waste id 
stacked and dumped to soil, the hazardous wastewater is penetrated to the soil, harmful gases and 
particulates in the atmosphere was landed with the rain in the soil, Those interfere the normal 
function of the soil and prevents natural growth and balance in the land which used for habitation, 
cultivation, or a wildlife preserve, and all of these are called soil Pollution. 
Soil pollution sources include: a) Sewage spills and hazardous waste. b) Improper farming 
practices. c) Deforestation, strip mining and other destructive practices d) Littering and dumping 
of household and so on. 
Soil contaminants can be divided into two categories: inorganic and organic pollutants. a) 
Inorganic contaminants are mostly heavy metal elements such as mercury, cadmium, chromium, 
copper, zinc, lead, nickel, arsenic, selenium, fluorine, radioactive elements, as well as salt, acid, 
alkali. b) Organic pollutants more organic pesticides, such as DDT, dieldrin, lindane, heptachlor, 
aldrin, etc. (residue 3 to 10 years). 
The harm of soil pollution include: a) Soil contaminated with the pathogen can spread typhoid, 
paratyphoid, dysentery, viral hepatitis and other infectious diseases. Soil plays a special role in 
the dissemination of these helminths, as a stage in the life cycle of these worms must be spent in 
the soil. b) Soil contaminated by toxic chemicals which can impact on people indirect through 
the crops and water. c) Soil contaminated with radioactive substances which can produce an α, β, 
or γ rays. These rays can penetrate human tissue results in the tissue cell death, even canceration, 
and so on. Organic waste contaminated soil also prone to corruption decomposition, fetid, 
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polluted air. d) Many organic waste is canceration, and is degraded with ordor by soil 
microorganism to contaminate air. The toxic chemicals can block the soil pores, destroy the soil 
structure and impact the self-purification capacity of the soil. Soil contamination can lead to 
many problems: reduced crop yields, poor growth, loss of wildlife habitat, desertification, and 
soil erosion, etc. 
1.2 Government policy and the environment in China 
In environmental policy of China, it is major that the priority on economic development have 
transformed to equal emphasis on both economic development and environmental protection. In 
2004’s policy, “recycling-based economy” was included and “resource-saving society” was 
included in 2005.  In 2007, “scientific outlook of development” was considered as important as 
“building a harmonious socialist society” in China and it is a strategic thought. The speedy 
progress for environmental issues was done in founding a legal system after the strategic thought 
was presented (4). 
1) In the early 2000s, the government of China spent $10 billion per year on environmental 
protection or about 1.3 percent of GDP. In 2006, the new five year plan ordered a one tenth 
reduction of industrial pollution and increased to $35 billion spending on environmental 
protection from 2006 to 2010.  
2) The government accepts the fact and frequently makes public statements about China’s 
environmental problems. And more laws and policy changes are being pushed forward to address 
these problems. The government got rid of the heavy-industry’s tax breaks and reduced subsides 
on fuel to tackle pollution. In the late 1990s and early 2000s, the government introduced new 
environmental legislation to complete environmental impact studies. From 2004, China began to 
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using more renewable energy sources and encouraged more recycling, and devoting more funds 
to fighting pollution.  
3) In 2005, over environmental concerns the government halted to construct 30 power plants 
in January, most of which failed to complete environmental impact studies, and announced 
“green” incentives and loans for industries including mining in December. The oil and gas 
exploration were focused on environmentally-friendly projects.  
4) In 2006, China aimed at improving the environment and introduced a series of 
consumption taxes such as levies on disposable chopsticks and gas guzzling cars. In April, SEPA 
ordered the clean-up of 30 petroleum and chemical sites, and postponed or stopped 44 projects, 
worth $18.7 billion, because they were regard as unsafe.  
5) From 2007-2009, China had stopped more than a thousand older coal-fired power plants. In 
July 2010, the cities were ordered to close inefficient factories until September. In 2008 and 2009, 
the $584 billion stimulus package launched in order to the global economic crisis and went to 
improve energy-intensive and polluting industries.  
6) Between 2006 and 2010, one of the main goals of China’s environmental policy is to 
reduce 10 percent emissions of major pollutants. So far China has not reached the goals but is 
close to. COD (an indicator of water pollution) released 3 percent and levels of sulfur dioxide (a 
major air pollutant) fell 4.6% in 2007.  
7) The government aims to reduce 16 and 17% of the CO2 emissions and energies needed for 
per unit of economic output, respectively, till to 2015 (5). And China’s long-term plan in carbon 
intensity is reducing 40-45% till 2020, relative to 2005. The major pollutant release should be 
reduced by 8 to 10% till to 2015.  
1.3 Application of bioremediation 
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"Remediation" indicates to solve a problem, and "bio-remediation" is the application of 
biological treatment to solve an environmental problem. In general, remediation technologies can 
be classifed based on their mechanism: physical, chemical, electrical, thermal and biological. For 
example, in soil remediation (6): 
1) Physico-chemical treatments. These treatments use the electrical and/or chemical and/or 
physical properties of the pollutants or of the contaminated medium to separate, destroy (i.e., 
chemically convert), or contain the pollutants. These treatments can be finished in short time 
periods (compared with bioremediation), but are cost effective.  
 2) Thermal treatments. These processes use heat to increase the volatility, to melt, decompose, 
destroy or burn the pollutants. The cost is composed of the capital of energy and equipment, and 
Operation & Maintenance (O & M) intensive. The time it takes depends on: amounts and type of 
chemicals present; depth and size of the contaminated area; type of soil and conditions present. 
3) Bioremediation (7). It is a process whereby pollutants are transformed or degraded into 
innocuous substances such as biomass, fatty acids, water and CO2, by microbial metabolism. 
Bioremediation are typically implemented at low cost. Pollutants can be destroyed and no 
residual treatment is required most often.  
In China, there are great progresses achieved on research and application of bioremediation 
(8). It focus on microbial bioremediation of organic contamination, phytoremediation of heavy 
metal pollutants, ecological restoration of mining wastelands and garbage filling grounds, reuse 
of solid wastes and restoration of eutrophic lakes and swamps. More than 50 of microbes which 
could efficiently degrade petroleum, pesticides and polycyclic aromatic hydrocarbons and 12 of 
hyperaccumulating plants for As, Cd, Mn and Zn have been identified. And more attention are 
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paid on expanding fields of theoretical studies for sustainable development: developing the 
related molecular genetic engineering technology, conducting and monitoring risk assessment of 
environment contamination, and building the framework on legislation and standards for 
ecological restoration. 
1.4 Halogenated compounds and dehalogenation 
Halogen is a series of nonmetal elements from group 17 of the periodic table (formerly: VII, 
VIIA), comprising fluorine (F), chlorine (Cl), bromine (Br), iodine (I), and astatine (At). The 
artificially created element 117 (ununseptium) may also be a halogen. Many synthetic organic 
compounds contain halogen atoms bonded to a carbon (C) atom and are known as halogenated 
compounds or organic halides.  
Halogenated compounds are ubiquitous components and used in a variety of applications such 
as solvents, pesticides, flame retardants, antifouling, surface modification, and as active 
ingredients in health care from blood extenders to anticancer drugs (9). From the start of their 
wide spread use, there is some evidence which starts to accumulate that some of halogenated 
compounds are highly toxic (10). Notorious examples are dioxins and polychlorinated biphenyls 
(PCBs), some halogenated solvents, for instance, 1,2-dichloroethane, are also classified as 
probably carcinogenic to humans (11, 12). Because of these noxious properties, many 
halogenated compounds have now been banned and replaced by environmentally less harmful 
compounds (10). Concerning toxicity, the toxic compounds diversity and by-products of many 
industrial products are important problems (13). For instance, the polychlorinated derivatives of 
the insecticide toxaphene are a very complex mixture. 
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The position, number, and type of the halogen substituents are critical to the biological 
recalcitrance of halogenated compounds. As a universal rule, the increased carbon-halogen bonds 
result in the increased electro-electronegativity of the substituent and increased recalcitrant, and 
with one or few substituents of halogenated substances are thought to be easily  degradable than 
the polyhalogenated compounds correspondingly (13). 
However, some of halogenated compounds are biodegradable (10-17). As the carbon-halogen 
bond is usually responsible for the xenobiotic and toxic character of the compound, 
dehalogenation is the key reaction during biodegradation of halogenated compounds and the 
microbes generally produced dehalogenation enzyme to cleave carbon-halogen bond. Figure 1.1 
illustrates the reaction types.  (A) Hydrolytic dehalogenation. In the course of hydrolytic 
dehalogenation reactions, catalyzed by halidohydrolases, the halogen substituent is replaced in a 
nucleophilic substitution reaction by a hydroxy group which is derived from water.  (B) 
Glutathione substitution. An S-chloromethyl glutathione conjugate is formatted which is 
catalyzes by a dehalogenating glutathione S-transferase, with a concomitant dechlorination 
taking place. (C) Hydration. H2O molecule is added to an unsaturated bond, which yield 
dehalogenation of vinylic compounds catalyzed by a hydratase.  (D) Intramolecular substitution. 
Epoxides are yielded by intramolecular nucleophilic displacement which involved in the 
dehalogenation of vicinal haloalcohols. (E) Dehydrohalogenation. In dehydrohalogenation, HCl 
is released from the molecule, results in the formation of a double bond. (F) Reductive 
dehalogenation. In the course of a reductive dehalogenation, the halogen substituent is replaced 
by hydrogen. (G) Oxygenolytic dehalogenation. Oxygenolytic dehalogenation reactions are 
catalyzed by monooxygenases (or dioxygenases), which incorporate one (or two) atoms of 
molecular oxygen into the substrate.  
9 
 
Biodegradation of halogenated compounds are great environmental important (18). From 
contaminated area, these xenobiotic compounds degraded and cut off the carbon-halogen bond, 
which reduces the risk of forming toxic intermediates during subsequent metabolism and the 
recalcitrance to biodegradation.  In order to understand and evaluate the potential for degradation 
of halogenated compounds in natural microcosms, the biochemistry and genetics studies of 
microbial dehalogenases become important. Such insight might provide biotechnological 
solutions to deal with environmental problems: all known parameters influencing biodegradation 
processes must be taken into consideration to design effective bioremediation systems. 
1.5 The low-molecular weight compounds and chloral hydrate (CH) degradation 
The low-molecular-weight compounds are relatively water-soluble and bio-available. 
Theoretically, bacterial could degrade them by short metabolism routes that support cellular 
growth (6). However, due to a lack of enzymes on critical steps in a catabolic pathway, low-
molecular-weight halogenated compounds were often recalcitrant to biodegradation. Such as 
chloroform, trichloroethylene, 1,1,1-trichloroethane, 1,2-dichloropropane and 1,2,3-
trichloropropane, biodegradation is difficult (Figure 1.2). There is almost no success that 
attempts to obtain pure cultures or enrichments that grow on these chemicals. However, some 
other halogenated chemicals are easily biodegradable such as chloroacetate, 2-chloropropionate 
and 1-chlorobutane. For still other compounds, degradative organisms can be isolated due to pre-
exposure to halogenated chemicals. This class compounds include dichloromethane, 1,2- 
dichloroethane and the nematocides 1,2-dibromoethane and 1,3-dichloropropene (Figure 1.2). 
Obviously, the critical step in a potential biodegradation pathway with halogenated compounds is 
dehalogenation (9-18). 
10 
 
 Chloral hydrate (CH) is synthesized by the chlorination of ethanol. As a sedative and 
hypnotic drug, CH is used in human and veterinary medicine. Its chemical formula is C2H3Cl3O2.  
The anhydrous chemical, chloral, is used as an intermediate in the production of insecticides and 
herbicides such as dichlorvos, naled, methoxychlor, trichlorfon, and trichloroacetic acid (19). 
Drinking-water is the major exposure route of CH to the general public, as CH is the third by-
product formed when drinking-water is disinfected with chlorine (20, 21). Therefore, 
environments near factories that produce CH and the above mentioned pesticides might be 
contaminated. CH is irritating to the skin and mucous membranes. It often causes some 
symptoms even at the recommended clinical dose (19). According to the World Health 
Organization (WHO) guidelines, CH has adverse effect on health and should be limited in 
drinking water (22).  In addition, CH was reported as a potent genotoxic and carcinogenic 
compound (21). Therefore, more efforts should be made to minimize further CH release and 
contamination in the environment. 
The studies of CH were concentrated on animal metabolism, as CH was used as a sedative 
and hypnotic drug. In animal, the major metabolites are trichloroethanol (TCAol), TCAol 
glucuronide, trichloroacetic acid (TCA) and a small amount of dichloroacetic acid (DCA) (23-
26). The major excretion pathway of CH metabolite is elimination in the urine. With regard to 
the bacterial degradation of CH, several co-metabolism processes have been reported; 
methanotrophic-degrading bacteria Methylocystis sp. M and Methylosinus trichosporium OB3b 
can transform trichloroethylene into CH, which is further degraded to TCAol and TCA (27, 28). 
In our previous study, we successfully isolated Pseudomonas sp. LF54 (LF54), the first 
bacterium reported to date that can use CH as the sole carbon source via an assimilation pathway 
11 
 
(29). This strain transforms CH to TCAol, which is then dechlorinated to 2, 2-dichloroethanol 
(DCAol), and CO2 was detected as the end product (Figure 1.3).  
In general, halohydrin dehalogenation is intramolecular substitution that enzymes convert 
vicinal halohydrins to an epoxide, a proton and a halide ion (30-32). To detoxify the compounds, 
halohydrin dehalogenases remove halogen substituents and put them to enter central metabolism. 
In view of halohydrin dehalogenases properties, the cleavage carbon-halogen bonds started with 
cloning and expression of three different genes that encode these enzymes (32). However, the 
dechlorination in LF54 is reduction that chlorine (Cl) was substituted by hydrogen (H). This is a 
novel pathway of halohydrin dehalogenation has not been reported to date. Therefore, the further 
study of LF54 would advantage CH dechlorination and bioremediation. 
1.6 Aim of this study 
Although bacterial degradation of CH has been known for several decades, the mechanism of 
CH degradation in bacteria is not well understood. The aim of this study is to identify genes 
related to CH degradation and to investigate mechanism of CH degradation in P. putida LF54 
with the method of molecular biology. 
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Figure 1.1 Enzyme-catalyzed dehalogenation reactions in microbial cultures that grow on 
halogenated organic compounds (Ref. 15). (A) Hydrolytic dehalogenation, (B) glutathione 
substitution, (C)hydration, (D) intramolecular substitution, (E) dehydrohalogenation, (F) 
reduction, (G)oxygenation.   
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Figure 1.2 Degradability of some (halogenated) aliphatic and aromatic compounds (Ref.14).   
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Chapter 2 Identification of genes related to CH degradation  
2.1 Introduction 
All living things possess genomic DNA which contains genes necessary for the normal 
function and survival. Most bacteria contain a smaller circular DNA called plasmid DNA in 
addition to genomic DNA. It is also known simply as a vector or plasmid. Many bacterial strains 
can degrade environmental pollutants and their degradation genes often located on catabolic 
plasmids (33).  
DNA transposition is an important biological phenomenon and also offers versatile tools for 
genetic analysis of a variety of biological processes. It applied in creating insertional knockout 
mutations, providing genetic or physical landmarks for adjacent DNAs, generating the fusions of 
gene–operon to reporter functions, and locating primer binding sites for the analysis of DNA 
sequence (34). Tn5 is one of the simplest and best characterized transposons, there are only Tn5 
transposase, transposon DNA flanked by Tn5 inverted repeats, and target DNA are required in 
vitro transposition (35). Then electroporating of transposon  into a bacterial cell, the reaction 
proceeds and results in insertion of the transposon DNA at random into the genome to create 
gene "knockouts" which can block metabolic process.  
The transposon used in this chapter was generated with EZ-Tn5
TM
 <KAN-2> Tnp 
TransposomeTM Kit carrying a kanamycin resistance marker (Figure 2.1). It contains the 
kanamycin resistance gene (Kan
r
) that is functional in E. coli flanked by hyperactive 19-basepair 
Mosaic End (ME, Table 2.1) transposase recognition sequences. The transposon can be 
electroporated into living cells where the transposase is activated by Mg
2+
 in the host’s cellular 
environment resulting in random insertion of transposon into the host genomic DNA. The 
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transposon-specific primers can be used for bi-directional DNA sequencing from genomic DNA 
without cloning or locating the transposon insertion sites in target genomic DNA. 
In our previous study (29), LF54 transformed CH to TCAol, which was dechlorinated to 
DCAol step by step and Cl
- 
appeared at last (Figure 1.3). The metabolic intermediates were 
detected by capillary gas chromatograph (GC). In this chapter, in order to identify genes related 
to CH degradation, we attempt to extract plasmid from LF54 firstly. Then, a transposon mutant 
library was generated and Tn mutants (CH degradation-defective) were screened by two 
screening steps. The first screening was done by multi-step colorimetric method, and the second 
screening was confirmed by GC. Transposon insertion sites were sequenced bidirectionally using 
special sequencing primers primer from the two sides of the transposon and located using BlastN 
programs. 
2.2 Material and methods 
2.2.1 Bacterial strain, plasmid, primers and media. 
The bacterial strains, plasmids and primers used in this study were listed in Table 2.1. 
Pseudomonas strains: wild-type, mutant LF54 (including the conditional lapA mutant and Tn 
mutants), P. putida F1 (36), and P. putida PpY101 (37) were grown in LB (Lennox; Nacalai, 
Kyoto, Japan) medium at 30°C for 20 h. E. coli was grown in LB medium at 37°C for 16 h.  
Plasmid pSUP104 (9.5 kb) is the broad-host-range vector encoding the tetracycline and 
chloramphenicol resistance genes (38). Transposon insertions in LF54 chromosome were 
generated with EZ-Tn5
TM
 <KAN-2> Tnp Transposome
TM
 Kit carrying a kanamycin resistance 
marker. Mineral salts medium (MS medium) was prepared as described previously (29). The 
cultivation media used in our experiments contained mineral salts (MS) and  contained the 
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following quantities: 2.7 g KH2PO4, 2.7 g Na2HPO4, 1.0 g NH4NO3, 0.11 g MgSO4·7H2O, 0.6 g 
Ca(NO3) 2·4H2O, 0.2 g ZnSO4·7H2O, 0.1 g FeSO4·7H2O, 0.03 g MnSO4·5H2O, 7.8 mg 
CuSO4·5H2O, 4.5 mg NiSO4·6H2O, 4.96 mg Co(NO3) 2·6H2O, 0.23 mg H3BO3, 0.18 mg 
Na2SeO4, 0.32 mg Na2WO4·2H2O, and 0.25 mg Na2MoO4·2H2O (all in 1 L of deionized water). 
The pH was adjusted to 7.0 with 1 M NaOH. Those chemicals were obtained from Wako Pure 
Chemicals Ltd., (Osaka, Japan). 
2.2.2 Plasmid extraction 
In order to reduce errors, we use four methods to extract plasmid from LF54. The procedures 
of Method 1, 2 and 3 followed the manufacturer’s instructions. Method 4 illustrated below 
followed the Molecular cloning: A laboratory manuals (39). The extracted plasmid DNA was 
confirmed using agarose (Nacalai Tesque inc., Kyoto, Japan) gel electrophoresis (1% gel, 100 V, 
20 min) and visualized with ethidium bromide staining, 1Kb DNA ladder and λHindIII was used 
as a size maker. 
Method 1: VioGene (CF1001)   Mini-M Plamind DNA Extraction System. 
Method 2.Bio-RAD (732-6120) Quantum Prep Plasmid Midiprep Kit. 
Method 3.TOYOBO Nucleic Acid Purification Kit MagExtractor (Plasmid). 
Method 4.According to Molecular cloning: A laboratory manuals. 
Solution I = 50 mM glucose, 10 mM EDTA, 25 mM Tris-HCl, 4 mg/ml lysozyme. Solution III 
= 3M potassium acetate, 5M acetic acid. Those chemicals were obtained from Wako Pure 
Chemicals Ltd., (Osaka, Japan).  
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(1)  Pellet 5 ml bacteria from the culture at 10,000 × g for 5 min at room temperature and 
discard the supernatant. 
(2) Resuspend bacterial pellet in 1 mL ice-cooled solution I (50 mM) by vortex, then add 2 
mL room temperature 0.2 N NaOH/1.0 % SDS to the suspension. Lastly, add 1.5 mL ice-cold 
Solution III to the lysate. Centrifuge at 15,500 × g for 30 min at 4°C. 
(3) Transport the supernatant to a new tube and add 2.5 volume isopropanol to precipitate the 
plasmid DNA. Centrifuge at 15,500 × g for 30 min at 4°C and discard the supernatant. 
 (4) The pellet (plasmid DNA) was rinsed in ice-cold 70% EtOH, dissolved by ddH2O and 
stored at -20°C. 
2.2.3 Genomic DNA extraction and pulsed-field gel electrophoresis 
Genomic DNA of all strains in this study was extracted using Genomic DNA Extraction Kit 
(QIAGEN, Japan) described as product manual. The extracted genomic DNA was 
electrophoresis using agarose gel (1.0% gel, 100 V, 60 min) and 1 kb DNA ladder was used as a 
size maker (40). 
2.2.4  Kanamycin and tetracycline resistance  
The grown LF54 was diluted into 10
-4
, 10
-5
, 10
-6
.Solid LB media contained 1.5 % agar; 
antibiotics were added to the media with a series concentration. Kanamycin (Kan) is 25, 50, 75, 
and 100 μg ml-1. Tetracycline (Tc) is 5, 10, 15 and 20 μg ml-1. 100 μl of the diluted LF54 was 
plated on the solid LB media, and then incubated for 24 h. 
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2.2.5 Transposon mutant (Tn mutant) library 
LF54 cells were made competent utilizing a microcentrifuge-based procedure (41). The cells 
grown in LB mediun were distributed into microcentrifuge and harvested by centrifugation at 
room temperature for 2 min at 16,000 × g. The cell pellet was washed twice with room 
temperature and resuspended in 100 μl 300 mM sucrose, which contained average 109-1010 
viable bacteria. 
For electroporation, 10 ng of pSUP104 and 20 ng Transposome was mixed with 100μl 
electrocompetent cells. And the mixture was transferred to 2 mm gap width electroporation 
cuvette. After applying a pulse (settings: 25 μF; 200 Ω; 2.5 kV on a Bio-Rad GenepulserXcellTM, 
Bio-Rad) (41), the mixture was transferred into 1 mL of room temperature SOC and shaken for 
1h at 30 °C. 100 μl of the pSUP104 mixture was plated on Tc plates, and each 100 μl of 
Transposome mixture were plated on Kana plates. The plates were incubated at 30°C within 24 h. 
Controls included cells that were pulsed with added H2O and was planted on both Tc and Kana 
plate. Mutagenized cells (Tn mutants) were selected by plating on Kana plate. The strains were 
stored in the content of 20% glycerin LB media at -80°C. 
2.2.6 Assay the transformation. 
The insertion fragments were verified by colony PCR with the primers of EZTN-F and 
EZTN-R (Table 2.1). The PCR fragments were performed in a thermocycler (BIO-RAD 
Laboratories Inc., Hercules, California, USA). PCR mixtures were prepared using the TaKaRa 
Ex™ Taq kit (Takara Bio Inc., Japan). Each PCR reaction mixture contained 1× Ex Taq buffer, 
0.8 mM total concentration of dNTPs mixture, 0.5 U TaKaRa Ex Taq polymerase. Primers were 
added at 0.25 μM each, and approximately 20 to 50 ng of DNA was added into each mixture. 
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The PCR conditions were shown in Table 2.2. DNA fragments were confirmed with 
electrophoresis on 1.2% agarose gel. 100 bp DNA ladder was used as a size maker. 
2.2.7  Tn mutants screening strategy. 
Tn mutants (CH dechlorination defective) were screened by two screening steps. The cells 
were harvested by centrifugation, and washed twice with chloride-free MS medium and were 
resuspended in a 25 mL serum bottle containing 5 mL of MS medium in proper cells 
concentration indicated below. After addition of 1mM CH, the cultures were incubated at 30°C 
and shaken at 150 rpm for 18 h.  
2.2.7.1 First screening  
The first screening was performed by multi-step colorimetric method, as CH degradation is 
multi-step reactions (Figure 1.3). The concentration of resuspended cells in this step is 4 × 10
9
 
cells mL
-1
. In the weak alkali conditions, 3-methyl-1-phenyl-5-pyrazolone reacts with CH and 
the brownish red compound is formed and in proportion to with CH in 480 nm (42) measured by 
Varioskan Flash spectral scanning multimode reader (Thermo Fisher Scientific Inc., Waltham, 
Massachusetts, USA). The chloridion was mixed with a reagent consisting of Hg
2+
, SCN
- 
and 
Fe
3+
, the yellow color appeared which was measured at 463 nm (43). 
2.2.7.2 Second screening 
The second screening was performed by GC (21). The concentration of resuspended cells is 
2.5 × 10
10
 cells mL
-1
. The concentration of resuspended cells was 2.5 × 10
10
 cells mL
-1
. The 
samples were 10 times concentrated by extraction with t-butyl methyl ether (Wako, Osaka, 
Japan), and 1,2,3-trichloropropane (Wako) was used as an internal standard. The oven 
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temperature was programmed as follows: 35°C (isothermal) sustained for 7 min then increased to 
250°C at a rate of 20°C min
-1
. The injector and detector temperatures were 270°C. 
2.2.8 Transposon location 
Transposon insertion sites were sequenced bidirectionally using sequencing primers, KAN-2 
FP-1 and KAN-2 RP-1 (Table 2.1), specific for the ends of the inserted transposon (36). The 
DNA sequencing reactions (Two microgram of bacterial genomic DNA and 5 pmoles of primer) 
were performed using a BigDye™ Terminator Cycle Sequence Kit (Applied Biosystems, Perkin-
Elmer, Foster City, CA, USA). The conditions of sequencing reactions were shown in Table 2.3. 
Sequencing reactions were purified by ethanol precipitation, and resuspended in 10 μl of 
formamide (Wako, Osaka, Japan). After denaturing at 95°C for 2 min, all products were analyzed 
with an ABI PRISM
® 
3130 Genetic Analyzer (Applied Biosystems).  
The sequences were assembled and the genomic transposition sites were located using BlastN 
programs maintained at National Center for Biotechnology Information website 
(http://blast.ncbi.nlm.nih.gov/). 
2.3 Results 
The pSUP104 of P. putida PpY101and pGEM-T (Takara Bio Inc., Japan) of E.coli DH5α 
(Takara Bio) as positive control were extracted. In Figure 2.2, A, B, C and D were indicated 
Method 1, 2, 3 and 4, respectively. Lane 1 indicated the plasmid extracted from LF54. Lane 2 is 
pGEM-T extracted from E.coli DH5α and the length is approximately 4 kbp. Lane 3 is pSUP104 
extracted from P.putida PpY101, and the length is approximately 9.5 kbp. The result pulsed-field 
gel electrophoresis was shown in Figure 2.3. There is no large plasmid in LF54. 
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The kanamycin and tetracycline resistance results were shown in Table 2.4 and Table 2.5 
respectively. LF54 can’t grow on Kana plates when the concentration is more than 25 μg mL-1. 
And LF54 grew when the concentration of Tc is lower than 10 μg ml-1. In this chapter, we use 
solid LB media contained 40 μg ml-1 Kana and 10 μg ml-1 Tc as the screening concentration in 
the follow steps. 
The transformation efficiency was shown in Table 2.6.  The efficiency of pSUP104 was 1.92 
× 10
-6
 .And the efficiency of transposon was 7.61 × 10
-5
. The efficiency of the transposome is 
almost the same as the plasmid.  
The transposon fragments (1.2 kbp) were verified by colony PCR (Figure 2.4). The templates 
of Lane 1 to 4 are Tn mutants picked up in random. The template of Lane 5 is LF54. Lane 6 was 
negative control, and template did not add. The fragments of mutants can be amplified while 
LF54 can’t be amplified.  The transformation efficiency and the transposon fragments indicate 
the transformation of transposon is successful. A library of approximately 3800 mutants (Plate 1-
40 40×96 ≐ 3800) was generated using Tn mutants in LF54 and stored at -80°C. 
The first screening for the degradation ability defect was performed by multi-step colorimetric 
method. CH solution (MS medium) as the negative control and LF54 as the positive control was 
monitored. The results were shown in Table 2.7 (Here only list the data of one plate as the data is 
too much). The disappearance of CH was detected among Tn mutant library, we didn’t find Tn 
mutant in which the process of CH transformed into TCAol was inhibited. According to 
chloridion release, we selected the lowest two ones from each plate, and then there are 96 Tn 
mutants were picked up (Table 2.8). 
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The second screening was confirmed using GC, there were seven Tn mutuants obviously 
produced less DCAol than LF54 (Figure 2.5). These strains were designated Tn-mus01, Tn-
mus03, Tn-mus04, Tn-mus11, Tn-mus13, Tn-mus14, and Tn-mus15. P. putida F1 and PpY101 as 
the negative control was monitored. All the strains can transform the whole CH into TCAol after 
18 hours. For strain LF54, approximate 25% TCAol was dechlorinated into DCAol and part of 
them was converted into CO2 as the end product (29). F1 and PpY101 transformed CH into 
TCAol, but did not subsequently dechlorinate it. However, the DCAol levels in Tn mutants were 
obviously lower than those in LF54 and closer to F1 and PpY101.  
Genomic DNA from 7 Tn mutants that showed inhibited CH dechlorination was purified and 
directly sequenced. Using primers from each end of the transposon, nearly a kilobase of 
sequence was assembled from each Tn mutant. All 7 transposon insertion site-flanking sequences 
(KC686681- KC686687) mapped to lapA in P. putida KT2440 (45, 46); the sequence identities 
were 91–96% (Table 2.9). 
2.4 Discussion 
Although bacterial degradation has been recognized for several decades, Pseudomonas putida 
LF54 was the first bacterium reported to exhibit CH degradation via an assimilation pathway. 
CH degradation is a multi-step reaction (Figure 1.3), and the critical step is dechlorination.  
In animals, CH and ethanol share the same enzyme system for their biotransformation and the 
alcohol dehydrogenases (ADHs) are responsible for this process (47). In bacteria, ADHs are a 
ubiquitous class of cofactor-dependent oxidoreductases (48). In P. putida HK5, 3 distinct soluble 
ADHs were expressed when grown on different alcohols (49). In P. putida S-5, octylphenol 
polyethoxylate biodegradation under aerobic conditions is initiated by the oxidation of its 
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terminal alcohol group by ADHs (50). In P. putida KT2440, ADHs were identified by matching 
with the consensus sequence (46). This process was observed both in assimilation and in the co-
metabolism pathway in our previous study (29). In this study, P. putida F1 and PpY101 verified 
this process as well as methanotrophic-degrading bacteria Methylocystis sp. M and Methylosinus 
trichosporium OB3b (27, 28). The process of transformation of CH into TCAol appears to be a 
common phenomenon in bacteria. 
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Figure 2.1  EZ-Tn5 <KAN-2> Transposon.  
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Table 2.1 Bacterial strains, plasmids and primers used in the study 
    Relevant characteristics  source of reference 
Stains      
 LF54  Wild type Pseudomonas sp. LF54, CH-degrading bacterium 21 
 PpY101 Wild type P. putida PpY101, met, Nalr 28 
 F1 Wild type P. putida F1, toluene-degrading bacterium 29 
 Tn-mus01 LF54 lapA inactivated by transposon, Kmr  This study 
 Tn-mus03 LF54 lapA inactivated by transposon, Kmr  This study 
 Tn-mus04 LF54 lapA inactivated by transposon, Kmr  This study 
 Tn-mus11 LF54 lapA inactivated by transposon, Kmr  This study 
 Tn-mus13 LF54 lapA inactivated by transposon, Kmr  This study 
 Tn-mus14 LF54 lapA inactivated by transposon, Kmr  This study 
 Tn-mus15 LF54 lapA inactivated by transposon, Kmr  This study 
 LF54-lapA 
Conditional lapA mutant in LF54: lapA inactivated by single cross-over 
knock-out with pSC200-lapA, Gmr 
This study 
 E.coli S17-1 λ pir recA, thi, pro, ΔhsdR, M+, RP4-2-Tc::Mu-Km::Tn7, λpir 56, 57 
 E.coli DH5α Plamid extraction as control. Takara 
       
Plasmids      
 pSC200 Vector used for single cross-over knock-outs, Gmr 59 
 pSC200-lapA lapA fragment inserted into pSC200 for single cross-over knock-outs, 
Gmr 
This study 
 pSUP104 the broad-host-range vector Tcr , Cmr   
 pGEM-T  plamid,Ampr   
       
Primers      
 EZTN-F  5’- TCTTGCTCGAGGCCGCG-3’ This study 
 EZTN-R 5’-TTGCATGCC TGCAGGTCG -3’  This study 
 KAN-2 FP-1  5’-ACCTACAACAAAGCTCTCATCAACC-3’ EPICENTRE Technologies  
 KAN-2 RP-1  5’-GCAATGTAACATCAGAGATTTTGAG-3’ EPICENTRE Technologies  
 ME 5'-AGATGTGTATAAGAGACAG-3' EPICENTRE Technologies  
 lapA-F1 5′- GGAATTCCATATGATGAGCAGCGTTGTAGCCA-3’ This study 
 lapA-R1 5′- GGGGTACCTTATCGAGTACGCCCGCAAA-3’ This study 
 lapA-upstream-F 5’-TATCCAGCAGGGGATCGTCA-3’ This study 
 lapA-R2 5′- TTATCGAGTACGCCCGCAAA-3’ This study 
 pSC200-F 5’-CGATAGGGCGTCTGCATCC-3’ This study 
  lapA-R3 5′-TGACGCTACCACTTGTCTGC-3’ This study 
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Table 2.2 PCR conditions used amplification of the fragment in this study. 
Temperature Time Cycle 
95°C 3 min  
95°C 45 sec  
56-60°C 45 sec 28 
72°C 1.5 min  
72°C 10 min  
4°C ∞   
  
The proper TM temperature degree of the primers 
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Table 2.3 Sequence reaction conditions used in Tn mutants sequencing. 
Temperature Time Cycle 
95°C 4 min  
95°C 30 sec 
60 
60°C 4 min 
4°C ∞   
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Figure 2.2 Plasmid Extraction.  A, B, C and D were indicated Method 1, 2, 3 and 4, 
respectively. Lane 1indicated the plasmid extracted from LF54. Lane 2 is pGEM-T extracted 
from E. coli DH5α and the length is approximately 4 kbp. Lane 3 is pSUP104 extracted from P. 
putida PpY101, and the length is approximately 9.5 kbp.   
A B
C D
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Figure 2.3 Pulsed-field gel electrophoresis of Genomic DNA. A: 20 min, B: 60 min 
  
10 kbp 
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Table 2.4 Kanamycin resistance of LF54 
  Kanamycin concentration 
 0 μg L-1 25 μg L-1 50 μg L-1 75 μg L-1 100 μg L-1 
Dilution ratio 
10
-4
 >1000 
a
 0 0 0 0 
10
-5
 195
 a
 0 0 0 0 
10
-6
 26
 a
 0 0 0 0 
a: the number of clones on the plate. 
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Table 2.5  Tetracycline resistance of LF54 
  Tetracycline concentration 
 0 μg L-1 5μg L-1 10 μg L-1 15μg L-1 20 μg L-1 
Dilution ratio  
10
-4
 >1000 
a
 23 0 0 0 
10
-5
 257 
a
 5 0 0 0 
10
-6
 39 
a
 0 0 0 0 
a: the number of clones on the plate. 
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Table 2.6 Electroporation Efficiency 
Host DNA Efficiency （CFU μg -1 DNA) 
LF54 
H2O (none) 0 
pSUP104 (9.5 kbp) 1.92 × 10
6
 
Transposome  7.61 × 10
5
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Figure 2.4 Transposon fragment. The template of Lane 1 to 4 is Tn mutants picked in random. 
The template of Lane 5 is LF54. Lane 6 was negative control, and template did not add. 100 bp 
DNA ladder was used as a size maker. 
  
1 kbp 
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Table 2.7 CH degradation of Tn mutants (Plate 31) 
CCl3CHO 
Cl- 
1 2 3 4 5 6 7 8 9 10 11 12 
A 0.011 0.000 0.012 0.014 0.004 0.002 0.007 0.018 0.000 0.023 0.003 0.133 
0.075 0.097 0.070 0.071 0.073 0.106 0.089 0.059 0.098 0.059 0.090 0.000 
B 0.004 0.008 0.006 0.013 0.004 0.004 0.006 0.018 0.003 0.005 0.002 0.004 
0.094 0.079 0.076 0.071 0.079 0.078 0.077 0.065 0.087 0.072 0.091 0.099 
C 0.008 0.032 0.013 0.003 0.021 0.014 0.001 0.017 0.004 0.003 0.003 0.004 
0.101 0.057 0.074 0.095 0.079 0.089 0.102 0.063 0.108 0.099 0.090 0.095 
D 0.005 0.006 0.014 0.004 0.004 0.016 0.005 0.000 0.008 0.003 0.003 0.003 
0.079 0.073 0.067 0.081 0.093 0.066 0.091 0.066 0.112 0.077 0.107 0.069 
E 0.003 0.006 0.002 0.006 0.003 0.008 0.003 0.006 0.027 0.009 0.021 0.006 
0.063 0.088 0.082 0.090 0.090 0.089 0.071 0.087 0.048 0.072 0.063 0.079 
F 0.033 0.002 0.001 0.003 0.012 0.008 0.004 0.004 0.001 0.003 0.006 0.009 
0.030 0.064 0.086 0.074 0.063 0.067 0.071 0.087 0.058 0.072 0.063 0.079 
G 0.008 0.006 0.005 0.005 0.019 0.027 0.006 0.003 0.006 0.012 0.022 0.005 
0.074 0.085 0.094 0.083 0.073 0.079 0.078 0.075 0.084 0.073 0.092 0.076 
H 0.006 0.004 0.001 0.006 0.002 0.005 0.005 0.002 0.004 0.007 0.005 0.006 
0.080 0.085 0.097 0.093 0.105 0.101 0.089 0.069 0.078 0.079 0.082 0.103 
 
*A12: CH ＋MS, B12: LF54+MS＋CH, E9: Tn-mus14, F1:Tn-mus11  
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Table 2.8 The lower chloridion release mutants 
  1 2 3 4 5 6 7 8 9 10 11 12 
A 40F2 37C3 33D2 30D5 27D10 23F6 19D5 15G1 12D11 9B8 6A10 3B11 
B 40F5 36G4 33H5 29E10 26F2 22G6 18H12 15E12 11H11 9H7 6C9 3A7 
C 40G2 36D1 32D5 29C11 26A11 22C4 18C1 14G10 11A7 8F4 6E1 3F12 
D 39B9 35H1 32G9 29B7 25B12 21F11 17F7 14B12 11B9 8D12 5A2 2A6 
E 39G11 35G10 31F1 28D1 25G12 21A4 17E8 13H7 10C4 8H11 5B12 2C1 
F 38B5 35H9 31E9 28D7 24H6 20A4 16A5 13B11 10D11 7C12 4B9 AH11 
G 38B9 34H6 30G7 28E12 24A4 20H10 16H3 13B7 10E7 7A11 4C1 1A5 
H 37B2 34D5 30C4 27G6 23G11 19B6 15A12 12E2 9A12 7B10 4A3 1F8 
 
*A3: Tn-mus01, A8: Tn-mus03, A10: Tn-mus04, E3: Tn-mus11, F1: Tn-mus13, F3: Tn-
mus14, H1: Tn-mus15.  
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Figure 2.5 Chloral hydrate (CH) degradation by transposon mutants. The samples were 
incubated at 30°C and shaken at 150 rpm for 18 h. The initial concentration of CH was 1 mM. 
CH solution, P. putida F1 and PpY101 as the negative control was monitored. 
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Table 2.9 Sequence identities of Transposon mutants to lapA in Pseudomonas putida KT2440  
  
Tn-mus01 Tn-mus03 Tn-mus04 Tn-mus11 Tn-mus13 Tn-mus14 Tn-mus15 
Aminoacid sites 3157-3471 3392-3717 2929-3242 1663-2003 7334-7651 3388-3658 1252-1573 
Sequence identities 92% 94% 94% 94% 91% 95% 94% 
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Chapter 3 Assay of lapA in LF54 
3.1 Introduction 
In order to survive and prosper, every living beings requires to safe from predators, ample 
nutrition (and water), and to place within a healthy community (51). From the study of natural 
environments, bacteria are associated with surfaces which offer distinct advantages with 
prokaryotic to the diffusiveness of nutrients and wastes for their well-being (52-54). In the most 
natural aqueous environments, there are only dilute substances which support bacteria to 
metabolism and growth, charge-charge or hydrophobic interactions of the interfacial effect in 
natural surfaces tends to collect and concentrate nutrients (51). This alleged natural surfaces 
accommodation provides an opportunity to bacteria which take advantage of more concentrated 
foodstuffs.  
Planktonic growth modes are commonly in laboratory and infrequent in natural settings. 
Whereby individual cells leave unsuitable surfaces, planktonic cells could seek out and find more 
advantageous situation. Once such surfaces have been identified, planktonic cells would attach 
and, through growth and division, biofilms eventually develop.  
In the last few years, bioremediation mechanisms by Pseudomonas for numerous halogenated 
pollutants have been described and many studies have reported the growth of planktonic cultures 
under controlled laboratory conditions (55-58). However, bacteria are mostly found in multi-
cellular communities known as biofilms in the environment, and not in the planktonic state (59, 
60). Biofilm formation (Figure 3.1) in Pseudomonas has been proposed to involve a series of 
regulated steps (61, 62). Firstly, utilizing flagellar mediated motility, bacteria are to swim 
towards a certain surface and to initiate reversible (or transient) attachment. Then, the attached 
bacteria become ire versibly attached to the surface to form small microcolonies. Finally, the 
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microcolonies develop into a mature biofilm with an architecture separated by fluid-filled 
channels. Recently, many studies have revealed that the largest cell-surface associated protein 
LapA, a biofilm adhesin, is able to initiate biofilm formation and achieve stable, “irreversible” 
binding to a large variety of surfaces in P. fluorescens and P. putida (45, 62, 63). However, no 
study of lapA in connection with the biodegradation of low-molecular-weight chlorinated 
compounds has been reported to date. Among environmental pseudomonads, the lap genes were 
conserved such as P. putida and P. fluorescens, but absent from pathogenic pseudomonads such 
as P. syringae and P. aeruginosa (45, 63). In P. putida KT2440 (Figure 3.2), LapA protein is one 
of the largest bacterial proteins (8,682 amino acids) and estimated molecular weight of 888 kD. It 
contains an N-terminal transmembrane region (domain 1), an extensive repetitive region 
consisting of 9 repeats of 100 amino acids (domain 2) and 29 repeats of 218-225 amino acids 
(domain 3), and several conserved motifs and domain at the C-terminus of the protein (domain 4). 
In this chapter, in order to verify the existence of lapA in LF54, we sequence part of lapA in 
LF54. Because the entire lapA sequence of LF54 was not acquired from the whole genome 
sequence analysis, strains defective in lapA were assessed to define further the role of lapA in 
CH dechlorination. Then, the conditional lapA mutant in LF54 (LF54-lapA) was constructed by 
single cross-over events. The plasmid pSC200 (64, 65) delivered the rhamnose-inducible 
promoter and gentamycin resistance gene into the chromosome to drive the expression of lapA. 
This strategy created LF54-lapA in which the expression of lapA depended on the rhamnose 
concentration in the medium.  
3.2 Material and methods 
3.2.1 Phylogenetic trees 
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The 16S rRNA gene sequences of strains LF54 were deposited in the DDBJ, EMBL, and 
GenBank nucleotide sequence databases under accession numbers AB525406 (29). The 
neighbor-joining phylogenetic trees were constructed with MEGA5.10 (66). 
3.2.3 Existence of lapA in LF54 
The complete genome sequence of LF54 was performed by Genome Analyzer IIx (Illumina, 
San Diego, CA) provided by Hokkaido System Science Co., Ltd. The genomic DNA was queried 
the database using genomic blast programs maintained at National Center for Biotechnology 
Information website (http://www.ncbi.nlm.nih.gov/sutils/genom_tree.cgi). And the upstream 
fragment includes part of 5’region of lapA was amplified by PCR with primers lapA-upstream-F, 
and lapA-R2 (Table 2.1). Primers were synthesized based on the nucleotide sequence from the 
Pseudomonas genome database (http://www.pseudomonas.com). The PCR condition was shown 
in Table 2.2.The purified fragment was sequenced using a BigDye™ Terminator Cycle Sequence 
Kit and conditions were shown in Table 3.1. The product was analyzed with an ABI PRISM® 
3130 Genetic Analyzer (Applied Biosystems).  The sequence was used to query the GeneBank 
database. 
3.2.1 Conditional lapA mutant 
To construct a conditional lapA mutant in LF54 (LF54-lapA), the 5-region fragment (461 bp) 
and the upstream fragment including part of the 5-region of lapA was amplified by PCR using 
the primers lapA-F1, lapA-R1, lapA-upstream-F, and lapA-R2 (Table 2.1) and LF54 genomic 
DNA as the template. PCR amplification, purification and sequencing were same to Chapter 2. 
The PCR condition was shown in Table 2.2. The Then, the 5-region fragment (461 bp) was 
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digested with NdeI/KpnI and ligated into the multiple-cloning site of pSC200 to yield pSC200-
lapA (64, 65).  
The plasmid pSC200-lapA was introduced into the mobilizer strain E. coli S17-1 λ pir and 
was then transferred to LF54 by conjugation (67). Single cross-over events were selected on Gm 
plates to obtain the conditional lapA mutant (LF54-lapA). The correct insertions were verified by 
colony PCR with the primers of pSC200-F and lapA-R3 (Table 2.1), The PCR conditions were 
shown in Table 2.2. DNA fragments were confirmed with electrophoresis on 1.2% agarose gel. 
100 bp DNA ladder was used as a size maker. 
The protein expression of lapA was inducted by 0.1% (wt/vol) rhamnose in the medium. CH 
degradation ability of conditional lapA mutant was affirmed by GC method mentioned in Tn 
mutants second screening (Chapter 2). 
3.2.4 Biofilm formation.  
The cultures were started at an optical density at 600 nm (OD600) of 0.01 in glass tubes. After 
20 h of growth, the tubes were washed with distilled water and stained with 0.1% crystal violet 
(Sigma, St. Louis, MO, USA). Following the staining, the tubes were washed twice with distilled 
water. The tubes were subsequently dried and the crystal violet was dissolved in 96% ethanol for 
quantification by spectrometry at 595 nm (68). 
3.3 Results 
In our previous study (29), 16S rRNA gene sequencing and taxonomic analyses revealed that 
the LF54 belongs to Pseudomonas putida group and named tentatively as Pseudomonas sp. LF54. 
In this study, the complete genome sequence of LF54 was performed by Genome Analyzer IIx 
contains with 222 contigs. Total contig length is 5,632,841 bp (Table 3.2). The complete genome 
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sequence of LF54 was blasted with 34 Pseudomonas genomes databases by Genomic blast 
program maintained at NCBI website. The almost complete genome sequence of LF54 show 
high similarity to P. putida strains, the coverage of 86% to P. putida F1 (Total score = 
9.643e+06), and 85% to P. putida KT2440 (Total score = 9.132e+06). Following this, a 
neighbor-joining phylogenetic tree based on the 16S rRNA gene was constructed (Figure 3.3), 
including the type strains, P. putida ATCC 12633
T
 and P. putida NBRC 14164
T
. LF54 was 
separated from P. fluorescens, P. syringae, and P. aeruginosa. The similarity to P.  putida strains 
such as P. putida KT2440 was high. Based on these results, we renamed strain LF54 as 
Pseudomonas putida LF54. 
As Domain 2 and 3 is an extensive repetitive region, at this stage of the complete genome 
sequence of LF54 has not been possible to assemble the complete lapA gene. Among the 7 CH 
dechlorination defective Tn mutants, Tn-mus13 mapped to the end of LapA domain 3, and was 
also located at 5 end of the NODE_189 contig (294,102 bp, AOUR00000000). Therefore, 
NODE_189 included a part of domain 3 and the entire domain 4 (Figure 3.2, light gray line); the 
sequence identity was 93% to lapA in P. putida KT2440. In addition, the sequence identity of the 
upstream fragment including a part of the 5 region of lapA (KC686680) was 89% (Figure 3.2, 
dark gray line). Combining with sequence flanking the transposon insertions (corresponding to 
domain 3, Figure 3.2, black line), the structure of the protein appears to be very similar to its P. 
putida counterpart. 
The 5’region fragment and correct insertions result was shown in Figure 3.4. The length of 
5’region fragment is 461bp, and correct insertions fragment is 1025 bp. CH degradation ability 
of LF54-lapA was detected by GC analysis (Figure 3.5). LF54-lapA with glucose was used as the 
negative control, and LF54 was the positive control. LF54-lapA can completely transform CH 
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into TCAol after 18 h, irrespective of the presence of rhamnose or glucose. CH dechlorination 
was inhibited in LF54-lapA in the absence of rhamnose, and recovered by rhamnose induction. 
The sample without rhamnose induction was similar to the glucose control and to the 7 Tn 
mutants that showed inhibited CH dechlorination. 
The requirement of lapA for biofilm formation was affirmed when we induced the lapA 
expression in LF54-lapA. With the recovery of CH dechlorination by rhamnose induction, 
biofilm formation also recovered (Figure 3.6). On the other hand, LF54-lapA without induction 
and Tn-mus13 were unable to initiate biofilm formation; correspondingly, CH dechlorination 
also did not recover.  
3.4 Discussion 
The molecular characterization (Figure 3.2) and GC results of Tn mutants (Figure 2.5) and 
conditional lapA mutant (Figure 3.5) clearly show that a defective lapA gene renders LF54 
defective in dechlorination. However, P. putida F1 and PpY101were found to be unable to cause 
dechlorination although the lapA gene was conserved in P. putida (37). In addition, LapA and the 
consensus sequence for domain 3 were compared with characterized enzymes possessing 
dehalogenation function (15) and were not shown similarities with them. That suggested that P. 
putida F1 and P. putida PpY101 probably lack the CH dechlorination enzyme, and LapA does 
not possess dehalogenation function.  
Recent studies have indicated that the LapA protein, a cell-surface protein, is able to initiate 
biofilm formation as a biofilm adhesin and achieve stable, “irreversible” binding to a large 
variety of surfaces (45). The results of atomic force microscopy (AFM) visualization also 
revealed that the LapA protein is a bonafide cell-surface adhesin required for biofilm formation 
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(54).  In this study, the initiation of biofilm formation by lapA was verified by induction of lapA 
expression in a conditional lapA mutant. Concomitant with the recovery of CH dechlorination by 
rhamnose induction, biofilm formation ability was also recovered. CH dechlorination was not 
recovered in LF54-lapA without induction and Tn-mus13, and biofilm formation was 
correspondingly unable to be initiated. These results indicate the relationship between biofilm 
formation and CH degradation: CH dechlorination is possibly coupled with biofilm formation. 
And we supposed that adhesion is the key step of dechlorination, and that the LapA protein as an 
adhesin is able to initiate TCAol binding to the bacterial cell-surface. 
In several bacteria, the localization of the dehalogenation enzyme has been reported to be 
membrane, periplasmic, or extracellular (61-63). For strain LF54, the GC results indicated that 
almost all the degradation products (TCAol, DCAol) were found extracellularly. Therefore, 
dechlorination enzyme of LF54 is probably associated with the outer surface of the cell 
membrane; this suggests that the LapA protein might protect dechlorination enzyme from the 
external environment. That is, LapA might play a role as an adsorbed matrix of substrate (TCAol, 
DCAol), or the dechlorination enzyme localization matrix.   
The hypothesis of CH degradation mechanism is shown in Figure 3.7.   
1) In LF54, TCAol bound to LapA initiate the CH dechlorination; CH degradation reacted 
extracellularly; LapA protein might protect dechlorination enzyme from the external 
environment; MCAol was transported into intracellular and at last transform into CO2.  
2) In mutant, the defective LapA rendered TCAol unable to be bound to the bacterial cell-
surface; the TCAol binding defective inhibited CH dechlorination which was inhibited at TCAol 
stage; and part of dechlorination enzyme was perhaps inactive.  
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Figure 3.1 Biofilm formation mechanisms 
(http://www.pasteur.fr/recherche/RAR/RAR2006/Ggb-en.html)   
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Figure 3.2 LapA protein in P. putida KT2440 and P. putida LF54. In P. putida KT2440, LapA 
contains an N-terminal transmembrane region (domain 1), an extensive repetitive region 
consisting of 9 repeats of 100 amino acids (domain 2) and 29 repeats of 218–225 amino acids 
(domain 3), and several conserved motifs at the C-terminus (domain 4). ↓ and ↑ indicate 
transposon insertion sites and directions. ↓: Forward direction, ↑: Backward direction. The bold 
line indicates lapA sequenced in the LF54 chromosome. The dark gray line indicates an upstream 
fragment including a part of the 5-region of lapA; the sequence identity was 89%. The black line 
indicates the transposon insertion sites flanking the sequence; the sequence identities were 91–
96%. The light grey line indicates the 5end sequence of the NODE_189 contig; the sequence 
identity was 93%. The hollow line indicated the 5-region of lapA (461 bp), which was used for 
constructing the conditional lapA mutant. 
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4.0 kbp
3
461bp
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Table 3.1 Sequence PCR conditions 
Temperature Time Cycle 
96°C 1 min  
96°C 10 sec  
50°C 5 sec 25 
60°C 4 min  
4°C ∞   
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Table 3.2 Complete genome sequence data. 
Total Contig length (bp) 5,632,841  
# contigs 222  
N50 (bp) 135,867  
Max Contig length (bp) 392,913  
No. Contig_Name Length GC(％) 
1  NODE_1 101,929  61.18  
2  NODE_2 114,864  61.36  
3  NODE_3 37,945  56.86  
4  NODE_4 180,860  60.45  
5  NODE_5 10,222  53.49  
6  NODE_6 43,345  60.91  
7  NODE_7 156,738  61.49  
8  NODE_8 55,418  60.47  
9  NODE_9 4,503  53.61  
10  NODE_10 379,137  61.50  
11  NODE_11 206,200  61.17  
12  NODE_12 99,491  62.00  
13  NODE_13 179  56.98  
14  NODE_14 63,608  62.85  
15  NODE_15 15,870  61.96  
16  NODE_16 48,279  61.83  
17  NODE_17 23,801  62.66  
18  NODE_18 141,756  61.91  
19  NODE_19 41,113  61.97  
20  NODE_20 76,432  63.30  
21  NODE_21 79,253  62.03  
22  NODE_22 6,667  63.07  
23  NODE_23 47,453  60.54  
24  NODE_24 72,119  62.08  
25  NODE_25 184,188  61.96  
26  NODE_26 25,055  64.09  
27  NODE_27 20,648  60.62  
28  NODE_28 20,579  59.15  
29  NODE_29 23,418  59.21  
30  NODE_30 19,814  53.08  
31  NODE_31 111,197  61.12  
32  NODE_32 37,993  61.87  
33  NODE_33 31,368  61.94  
34  NODE_34 25,613  62.27  
35  NODE_35 21,469  62.91  
36  NODE_36 64,427  62.39  
37  NODE_37 15,549  61.80  
38  NODE_38 319  69.59  
39  NODE_39 15,929  57.34  
40  NODE_40 43,990  60.20  
41  NODE_41 20,351  61.11  
42  NODE_42 12,126  61.03  
43  NODE_43 1,925  62.70  
44  NODE_44 40,195  61.34  
45  NODE_45 5,887  59.47  
46  NODE_46 123,243  59.20  
47  NODE_47 10,328  59.15  
48  NODE_48 401  62.09  
49  NODE_49 1,870  62.78  
50  NODE_50 112,444  61.83  
51  NODE_51 6,103  65.89  
52  NODE_52 754  60.08  
53  NODE_53 268  61.94  
54  NODE_54 198  63.13  
55  NODE_55 2,656  54.52  
56  NODE_56 482  60.79  
57  NODE_57 3,074  55.47  
58  NODE_58 751  54.73  
59  NODE_59 389  47.81  
60  NODE_60 1,126  62.17  
61  NODE_61 1,925  63.43  
62  NODE_62 874  61.90  
63  NODE_64 874  63.73  
64  NODE_65 221,749  62.82  
65  NODE_66 245  60.00  
66  NODE_67 1,113  60.56  
67  NODE_68 196  61.22  
68  NODE_71 952  57.88  
69  NODE_73 826  57.51  
70  NODE_74 381  56.69  
71  NODE_75 509  55.80  
72  NODE_76 771  57.98  
73  NODE_77 264  58.71  
74  NODE_78 256  57.81  
75  NODE_79 112,680  62.01  
76  NODE_80 185  48.11  
77  NODE_81 426  46.01  
78  NODE_82 70,247  61.62  
79  NODE_83 211  64.45  
80  NODE_84 274  57.30  
81  NODE_85 361  54.57  
82  NODE_86 580  54.66  
83  NODE_87 242  52.89  
84  NODE_89 597  55.28  
85  NODE_90 196  51.02  
86  NODE_91 242  53.72  
87  NODE_92 186  50.00  
88  NODE_95 172  63.95  
89  NODE_97 358  57.82  
90  NODE_100 397  64.99  
91  NODE_102 612  39.38  
92  NODE_103 265  55.85  
93  NODE_104 378  50.79  
94  NODE_105 484  52.27  
95  NODE_107 235  59.15  
96  NODE_110 199  47.24  
97  NODE_113 658  44.83  
98  NODE_116 169  60.36  
99  NODE_117 214  52.80  
100  NODE_118 3,180  64.97  
101  NODE_119 301  61.79  
102  NODE_120 170  66.47  
103  NODE_121 562  51.78  
104  NODE_124 198  62.63  
105  NODE_127 391  52.43  
106  NODE_128 226  64.60  
107  NODE_131 107,240  62.32  
108  NODE_133 175  63.43  
109  NODE_135 251  60.96  
110  NODE_136 313  60.70  
111  NODE_137 218  60.09  
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112  NODE_138 1,126  62.79  
113  NODE_139 407  59.71  
114  NODE_140 212  63.68  
115  NODE_141 433  61.20  
116  NODE_143 380  55.53  
117  NODE_145 176  53.98  
118  NODE_147 462  57.14  
119  NODE_148 389  51.16  
120  NODE_150 205  64.39  
121  NODE_151 440  57.95  
122  NODE_152 186  51.08  
123  NODE_153 94,146  62.76  
124  NODE_157 195  47.18  
125  NODE_158 378  50.79  
126  NODE_160 805  54.04  
127  NODE_162 320  46.25  
128  NODE_164 9,048  52.10  
129  NODE_166 135,948  62.24  
130  NODE_168 127,121  62.16  
131  NODE_169 230  57.83  
132  NODE_170 192  68.23  
133  NODE_174 33,668  51.02  
134  NODE_175 804  59.20  
135  NODE_176 308  61.36  
136  NODE_177 180  63.33  
137  NODE_178 183  51.37  
138  NODE_179 191  48.17  
139  NODE_183 354  60.45  
140  NODE_184 223  44.39  
141  NODE_185 211  58.77  
142  NODE_186 244  63.52  
143  NODE_187 135,867  62.80  
144  NODE_188 215  54.88  
145  NODE_189 294,172  61.74  
146  NODE_192 206,387  61.96  
147  NODE_195 183  51.37  
148  NODE_196 1,593  47.90  
149  NODE_197 207  55.56  
150  NODE_198 74,252  61.93  
151  NODE_199 1,243  61.06  
152  NODE_202 379  61.48  
153  NODE_203 482  60.37  
154  NODE_204 233  55.79  
155  NODE_205 179  65.92  
156  NODE_207 83,577  59.79  
157  NODE_209 221  62.90  
158  NODE_210 257  49.81  
159  NODE_212 233  61.80  
160  NODE_213 562  51.60  
161  NODE_214 214  51.87  
162  NODE_216 295  54.58  
163  NODE_217 759  61.40  
164  NODE_220 177  62.15  
165  NODE_221 202  56.44  
166  NODE_223 268  61.94  
167  NODE_224 481  53.22  
168  NODE_225 190  63.68  
169  NODE_230 280  55.36  
170  NODE_231 195  50.77  
171  NODE_232 240  62.08  
172  NODE_233 193  63.73  
173  NODE_236 190  61.05  
174  NODE_238 3,180  64.81  
175  NODE_239 199  53.27  
176  NODE_243 211  57.82  
177  NODE_244 390  50.77  
178  NODE_245 199  53.27  
179  NODE_246 113,635  57.41  
180  NODE_248 203  61.08  
181  NODE_249 203  61.08  
182  NODE_251 395  63.04  
183  NODE_253 430  39.30  
184  NODE_256 516  60.85  
185  NODE_259 236,367  61.16  
186  NODE_261 220  60.00  
187  NODE_262 175  63.43  
188  NODE_267 230  45.22  
189  NODE_270 197  64.97  
190  NODE_271 212  46.23  
191  NODE_272 215  60.93  
192  NODE_273 1,334  61.39  
193  NODE_274 280  56.43  
194  NODE_277 173  64.74  
195  NODE_278 337  64.09  
196  NODE_281 196  61.73  
197  NODE_284 442  48.42  
198  NODE_286 173  47.98  
199  NODE_287 392,913  61.33  
200  NODE_288 41,910  61.88  
201  NODE_290 751  61.78  
202  NODE_294 194  65.98  
203  NODE_303 213  47.89  
204  NODE_306 401  62.34  
205  NODE_311 185  49.19  
206  NODE_314 184  48.91  
207  NODE_321 285  63.16  
208  NODE_322 207  58.45  
209  NODE_324 187  60.96  
210  NODE_326 176  50.00  
211  NODE_336 767  59.06  
212  NODE_337 70,328  61.33  
213  NODE_344 196  51.02  
214  NODE_348 197  50.25  
215  NODE_352 746  61.93  
216  NODE_355 352  61.65  
217  NODE_357 211  64.93  
218  NODE_360 172  63.37  
219  NODE_373 231  61.90  
220  NODE_382 226  60.18  
221  NODE_387 380  58.95  
222  NODE_441 189  59.79  
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Figure 3.3 The positions of Pseudomonas sp. LF54 in Phylogenetic tree derived from partial 
16S rRNA sequence data. The tree was constructed by the neighbor-joining method based on the 
kimura two-parameter corrected similarity percentages. The phylogeny was tested using the 
bootstrap method (1000 replications). LF54 was presented in bold.  
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Figure 3.4 The 5’region fragment of lapA and correct insertions result. Lane 1 is The 5’region 
fragment of lapA and the length is 461 bp. Lane 2 is correct insertions fragment and the length is 
1025 bp. 100 bp DNA ladder was used as a size maker.  
1 kbp 
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Figure 3.5 Induction expression of conditional lapA mutant (LF54-lapA). The samples were 
incubated at 30°C and shaken at 150 rpm for 18 h. The initial concentration of CH was 1mM. 
CH solution (MS medium) as the negative control was monitored.  
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Figure 3.6 Biofilm formations. The start concention is 0.01 OD600; the culture was grown in LB 
medium and shaken at 150 rpm for 20 h.   
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Figure 3.7  The hypothesis of CH degradation mechanism. The yellow ellipses indicate LapA 
protein; the green ellipses indicate dehalogenation enzyme; the pink ellipses indicate inactivated 
dehalogenation enzyme. 
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Chapter 4 Contrast characterization between mutant and wild type 
4.1 Introduction 
Biofilm research has renewed our interest in bacterial motility (72). Flagellar and twitching 
motility (Figure 4.1) are necessary for biofilm development (73): swimming is the movement of 
individual bacteria in liquid, powered by rotating flagella; swarming is the multicellular 
movement of bacteria across a surface and is also powered by rotating helical flagella; twitching 
is surface movement of bacteria that is powered by the extension of pili, which then attach to the 
surface and subsequently retract, pulling the cell closer to the site of attachment. Biofilm 
formation of LF54 was verified in the chapter 3, and in this chapter, these motilities were 
observed to find out the difference between mutants and LF54. On the other hand, we applied a 
detailed scanning electron microscopy (SEM) survey the difference.  
4.2 Material and methods 
4.2.1 Flagellar and twitching motility 
Twitching motility (74) was measured by stab-inoculating 1.0 % agar LB plates with a single 
bacterial colony. Plates were incubated at 37°C for 2 - 3days. Flagellar motility (68) included 
swimming and swaming motility was measured as the diameter of zone travelled by bacteria 
point-inoculated into 0.3% and 0.5% agar LB plates, respectively. And plates incubated for 12 h 
at 30°C. CH was added in a series concentration: 0.1, 0.3, 0.5,1 mM. 
4.2.2 Sample fixation and electron microscopy 
All samples were fixed in 2% glutaraldehyde at 4°C for 24h. Samples were dehydrated in a 
graded series of ethanol and 100% isopentyl acetate in the end. Then samples were dried in 
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Hitachi HPC-2 critical point drier (Hitachi, Japan) and were mounted on specimen stubs and 
coated with platimum-palladium in a Hitachi E-1030 sputtering device (Hitachi, Japan). A 
Hitachi S-4200 scanning electron microscope (Hitachi, Japan) was used for examination (75). 
4.2.3 Membrane vesicles (MVs) 
MVs were isolated using a modified version of the procedure reported (76, 77). LF54 and 
mutants was grown in LB medium at 30°C for 20h with shaking at 150 rpm. Cells were removed 
by centrifugation (6,000 × g, 15 min), and supernatants were filtered through a 0.45um cellulose 
acetate filter. Filtrates were ultracentrifuged (150,000 × g, 3 h, 4°C) in a Beckman type 45 rotor, 
and pellets were washed with 10 mM HEPES (pH 6.8) containing 0.85% NaCl (HEPES-NaCl). 
The quantity of MVs was determined by FM4-64 staining and measured by Varioskan Flash 
spectral scanning multimode reader (78). 
4.3 Results  
The swimming motility, swaming motility and twitching motility results were shown in 
Figure 8.2, 8.3 and 8.4, respectively. Swimming and swaming motility of mutants were faster 
than LF54. Although, twitching motility of mutants was also faster than LF54, the difference was 
not far. Within limits the movement become slowly with the raise of concentration of the CH. 
There are many MVs on the surface of mutant, but instead of MV, some sticky material can be 
observed on LF54. The MVs level of mutants was about 3 times more than wild type LF54 
(Figure 8.6). On the CH occasion, only a few of MVs can be observed on both LF54 and mutant, 
the MVs levels of mutants and LF54 with CH were also 3 times more than LF54 without CH. 
4.4 Discussion. 
4.4.1 Membrane vesicles and lapA . 
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 In recent years interest in MVs from various Gram-negative bacteria has significantly 
increased, and these studies have provided a view of the diverse biological functions of bacterial 
MVs (79). MVs are connected to interspecies communication, the delivery of proteins, toxins 
and DNA (48). Although research has primarily focused on distinct aspects of MVs formation in 
Psuedomonas and E. coli, it is plausible that these bacteria (Gram-negatives in general) may 
utilize a common MV formation pathway.  
Further, the formation of toluene containing MVs was discussed as an adaptation mechanism 
to transport toxic compounds away from the cells (80). In Pseudomonas putida IH-2000, a 
toluene-tolerant bacterium, when toluene was added MVs were released from the outer 
membrane. The toluene adhering to the outer membrane is eliminated by the shedding of MVs 
and this appears to serve as part of an important system in the toluene tolerance of IH-2000. 
In Pseudomonas putida DOT-T1E (81), MVs formation was regarded as an adaptive response 
of to environmental stress factors and correlated it to the formation of biofilms. With toxic 
concentrations of long chain alcohols, the strain released MVs caused a significant increase in 
cell surface hydrophobicity and enhanced biofilms formation. Therefore, MVs t release as stress 
response was able to be put in a physiological context. 
In this chapter, the pictures of SEM (Figure 4.5) confirm the surface different of LF54 and 
mutants, there are many MVs on the surface of mutant, but instead of MV, some sticky material 
can be observed on LF54. On the other hand, CH addition increased the MVs levels of LF54, 
while, the MVs levels of mutants unaffected from CH, were 3 times more than LF54 irrespective 
of CH. As LapA was associated with cell surface, it suggested that LapA protein might protect 
cells from external environment. The defective lapA in mutants of LF54 appear to result in the 
increasing external press to cell and the MVs release as same. Therefore, we supposed that the 
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other reason of MVs were secreted more maybe is the surface hardness of mutant changed. The 
more flexible surface makes MVs secretion easily than LF54. 
4.4.2 Bacterial motility and lapA.  
In this chapter, flagellar and twitching motility of LF54 and mutant was observed. Swimming 
and swaming motility of mutants were faster than LF54. Although, twitching motility of mutants 
was also faster than LF54, the difference was not far. Within limits the movement become slowly 
with the raise of concentration of the CH.  
Chemotaxis (82, 83) is the movement of organisms toward or away from a chemical. In 
bacteria, chemotaxis toward oxygen, minerals, and organic nutrients was discovered. This is 
significant for bacteria to find food by swimming to flee from poisons, or towards the highest 
food concentration. In simply, there is a receptor on the surface of bacterial, if the nutrition 
material binds to the receptor, a series of reaction results in the less movement and vice versa. 
Positive chemotaxis occurs when the movement is towards a higher chemical concentration in 
question. Inversely, negative chemotaxis occurs when the movement is towards opposite 
direction. 
In this study, as we mentioned above, LapA was associated with cell surface, it suggested that 
LapA protein might protect cells from external environment. The defective lapA in mutants of 
LF54 appear to result in the increasing external press to cell. That is, the normal environment for 
the defective lapA mutant, it will amount to overnutrition, the mutant escaped and closed to 
negative chemotaxis. Therefore, we supposed that the other reason of motility change maybe is 
the surface hardness of mutant changed. The more flexible surface makes flagellar and twitching 
motility easily than LF54. 
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Figure 4.1 Bacterial motility (Ref. 72). Swarming is the multicellular movement of bacteria 
acrossa surface and is powered by rotating helical flagella. Swimming is the movement of 
individual bacteria in liquid, also powered by rotating flagella. Twitching is surface movement of 
bacteria that is powered by the extension of pilus, which then attach to the surface and 
subsequently retract, pulling the cell closer to the site of attachment.  
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Figure 4.2 Swimming motility was measured by bacteria point-inoculated into 0.3% agar LB 
plates. And plates incubated for 12 h at 30°C. CH was added in a series concentration: 0.1, 0.3, 
0.5,1 mM.  
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CH   
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Figure 4.4 Swaming motility was measured by bacteria point-inoculated into 0.5% agar LB 
plates. And plates incubated for 12 h at 30°C. CH was added in a series concentration: 0.1, 0.3, 
0.5,1 mM.  
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Figure 4.5 Twitching motility was measured by bacteria point-inoculated into 1.0% agar LB 
plates. And plates incubated for 12 h at 30°C. CH was added in a series concentration: 0, 0.1, 0.3, 
1 mM.  
CH            0                                         0.1 mM
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Figure 4.6 Scanning electron micrographs. The bar equals 600 nm in all panels.  
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Figure 4.7 Membrane vesicles mass (relative to LF54).  
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Chapter 5 Conclusion 
In our previous study, we successfully isolated Pseudomonas putida LF54 (LF54), the first 
bacterium reported to date that can use CH as the sole carbon source via an assimilation pathway 
(29). This strain transforms CH to TCAol, which is then dechlorinated to DCAol, and CO2 was 
detected as the end product (Figure 1.3).  
In chapter 2, in order to identify genes related to CH degradation, we attempt to extract 
plasmid from LF54 firstly. Although we used four methods, the plasmid of LF54 was unable to 
be extracted. Then, a transposon mutant library was generated and Tn mutants (CH degradation 
defective) were screened by two screening steps. The first screening was done by multi-step 
colorimetric method, and the second screening was confirmed by GC. There are 7 Tn mutants 
were screened for which CH degradation were inhibited at the TCAol stage. Transposon 
insertion sites were sequenced bidirectionally using special sequencing primers primer from the 
two sides of the transposon and located using BlastN programs. All 7 transposon insertion site-
flanking sequences mapped to lapA in P. putida KT2440. That is, lapA related to CH 
dechlorination. 
In chapter 3, sequence identities of the upstream fragment including a part of the 5 region of 
lapA  (Figure 3.2, dark gray line), sequence flanking the transposon insertions (Figure 3.2, black 
line) and NODE_189 (Figure 3.2, light gray line) indicated the structure of the protein which the 
transposon inserted appears to be very similar to lapA  in P. putida KT2440. The conditional 
lapA mutant (LF54-lapA) verified further that lapA influence CH dechlronation in LF54 and CH 
dechlorination was related to biofilm formation. 
In general, halohydrin dehalogenation is intramolecular substitution that enzymes convert 
vicinal halohydrins to an epoxide, a halide ion, and a proton (30-32). However, the 
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dechlorination in LF54 is reduction that chlorine (Cl) was substituted by hydrogen (H). This is a 
novel pathway of halohydrin dehalogenation has not been reported to date.  
Recently, many studies have revealed that the largest cell-surface associated protein LapA, a 
biofilm adhesin, is able to initiate biofilm formation (45, 58, 59). However, no study of lapA in 
connection with the biodegradation of low-molecular-weight chlorinated compounds has been 
reported to date. This study is the first time which demonstrates that LapA, the biofilm adhesin 
protein of Pseudomonas putida, influences CH dechlorination. 
In chapter 4, we contrast characterization between Mutant and LF54. The pictures of SEM 
(Figure 4.6) confirm the surface different of LF54 and mutants, there are many MVs on the 
surface of mutant, but instead of MV, some sticky material can be observed on LF54.And CH 
addition increased the MVs levels of LF54, while, the MVs levels of mutants unaffected from 
CH, were 3 times more than LF54 irrespective of CH. In recent years interest in MVs from 
various Gram-negative bacteria has significantly increased. MVs were connected to interspecies 
communication and discussed as an adaptation mechanism to transport toxic compounds away 
from the cells. Furthermore, MVs formation was regarded as an adaptive response of to 
environmental stress factors and correlated it to the formation of biofilms. However, there is no 
study of lapA in connection with MVs formation has been reported to date.   
In chapter 4, swimming and swaming motility of mutants were faster than LF54. Although, 
twitching motility of mutants was also faster than LF54, the difference was not far. Within limits 
the movement become slowly with the raise of concentration of the CH. Flagellar and twitching 
motility (Figure 4.1) are necessary for biofilm development. LapA was associated with cell 
surface, the defective lapA in mutants of LF54 appear to result in the increasing external press to 
cell and the mutant escaped and closed to negative chemotaxis. And there is no study of lapA in 
connection with bacterial motility has been reported to date. 
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In this study, through the lapA, we connected CH dechlorination with biofilm formation, 
further, with MVs releasing and bacterial motility which are all related to biofilm formation. 
Biofilm processes are very advantageous when large, diluted streams should be treated which is 
generally the case for environmental processes. A biofilm reactor is used regularly for 
wastewater, and the bacteria can degrade and detoxified the toxic substance in water. Therefore, 
the increase of bacteria which express LapA will improve the biomass concentration of biofilm 
reactor, and improve the activity and perdurability of biofilm reactor to some tent. Therefore, the 
further study would advantage CH dechlorination and bioremediation.  
Although CH biodegradation has been known for several decades, the mechanism of CH 
degradation in bacteria is not well understood. The aim of this study is to identify CH 
degradation genes and to investigate CH degradation mechanism. We originally intended to 
isolate the gene of CH dechlorination enzymes, however, we found a novel observation: LapA, 
the biofilm adhesin protein of P. putida, influences CH dechlorination. Global environmental 
pollution makes the environment purification is imperative. This study opens up a new 
developing direction of environment purification and bioremediation and this will be a very 
significant development direction. 
An interesting challenge for the future will be to verify the interactions of the CH 
dechlorination enzyme with LapA, a crosstalk between biofilm formation and CH dechlorination, 
and relationship between LapA with bacterial defense mechanism. 
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